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W!4MARY
Inconjunction‘A* assumptionscanoerningtheproportion
oftimespentatvariouspeeds,statisticalgust@& wereused.
todetezminegusthad.factorsthatcouldbeexceededa given
numberoftimesduringtheoperati.cnslUfe ofanairplane.The
resultsindicatid,thatpresentgustloadfactorsmightbeccmider-
ablyloweredincertaincaseswitha ccmsequentdecreaseinstructural
weight.Modificationofthep%sentcrit8ricm,however,mustawait
theaccumulationofdatanotpresentlyavailable.
INTRODUCTION
StructuraldesigrequirementsforairplanesccmmonlyInclude
tiedeterminationofgustleadfactors,whicharebasedonthe
combinationofcertaineffectivegustvelocitieswitharbitrarily
chosendesignspeeds.Althoughthecurrentlyuseddesiggust
velocityof30feetpersecondhasprovedtobereasonablycon-
servativewhenappliedintheneighborhood.ofthedesignhighspeed,
tiedegreeofconservatism,aswellasthechoicecfa suitable
valueofdesigngustvelocityforapplicaticmatotlherspeeds,has
frequentlybeenthesubJectofcaizro?rersy.Theccmtroversyhas
resultedbothfrcma lackofstatisticaldatasufficientlyextensive
topermitieaccuratedetermlnaticmoftheprobabilityoffailure
foranyassumedsetofccndltiamandfrcmthefactthata reasonable
valuefortheprobabilityoffailurehasneverbeenspecified.
Thedeterminationofthelifeexpectancyofanairplane
requiresa knowledgeofthefrequencyofoccurrenceofatmospheric
gustsincanbinatimwitha knowledgeofthetimespentatvarious
airspeeds( peed-timedistribution). Althoughaveragegustfrequency
hasbeenreasonablywelldeterminedandreportedinreference1,
dataonspeed-timedistributicmaxecompletelyaclclng.Despi’Lthis
lackofdata,hawever,itispossible(1)toassumereasonableor
limitingvaluesofveAousparametersthatrelatetospeed,speed-time
—
distri.bution$permissiblenumberoftimesthata givenloadcanbe
exceededdur.lngtheo~eratlonallifeofanairplane,winsLoading$ 4
and airplme and operatingconditions,and(2)to apply theasmmed
valuestorepresentativecasestodeterminewhetherpresentroquiro-
mentsgiveanswersthatappeareasonableD
Astheresultofsuchu enslyais,thepresentpapershowEItho
influenoefoporabional.speed,airplanelife,speed-timedistribution,
@ wingloadingonairplanelifeexpectancyandindicatespossible
extremecasesforwhichpresent designrequirementsareinadequateor
unreasonable.
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SYMBOIS
offoctivegustvelooity,feetpersecond
grossweightofairplane,pounds
wing
wi~
mass
area,squarefeet
loading,p0~a8 per squarefoot
densityofairatsealevel,SIUGSpercubic
f’oot
equivalentairspeed,milesperhour
mxdmumequivalentp&missibleglidingordiving
speed,milesperhour
meximumequivalentairspeedinlevelflight,miles
~r hour
airplaneoperationallife,miles
speedistribution,
hraoketototal
meangeometricwing
ntmiberofaUowablewiticd.“matsinoaohairsnad
braoket(AcriticaJ.gust-isa gustthekre~~t_sin
a loadequultoorexceedingthedesignappliedload
fortheairplane.)
relativealleviationfactor(referenco1)
,
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slopeofwing
airplane had
3
M& cume oorrectedfora5peotratic,perradian
factor,g units .
incrementofloadfaotcm,g units
incrementofloadfa&or resultingfrcma 30-foot-pm-secmd
gustactingat PL
spacingofcriticalgustsforairplanewtthmeangeanetric
wingchordof’1 foot (Themeandistanoealonga flight
pathbetweencritioa&gustsforS.nyafrplfmeismen XcrEC)
a3rplanegustyammeter,mcele=ti~ m g W* perwit @t
(
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2!/ Ueff
Machnmiber
mximumnormal-forcecoefficient
.
IIUU!3MATCONREWIRED
Beforenanalysiscanbemadeto,deta?ulnetiedesignload
f~tOi’Jit.wil.lbenecessarytoknow,ortobeabletoassume,the
spacingofcriticalW3ti Lcry +.espeddistributioninternsof
Ve end fr, tientierofallowablecriticalgustsd, andtiG
airplaneoperationallife L.
.
.
Smacin~ofcritical~ti. -Inordertodete-%m@etiespacing
ofcriticalgusts,itisnecessarytoWow eithertheaotual
frequencydistributicmofgustintensityorthe~elativefrequency
d.istrilnzttonotgustintensityinccmibinationwitha mmlmrthat
e~ressestieaveregenumberofguststhatwillbeexperiencedper
tile,of lfght.At thepresentime,thecnlyawa31abledatahave
beensumscrlzedh reference1,inwhichtherelativedistribution
ofef’fecttvegustvelocityhasbeenshowntbbeessentiallyindo-
pendentofterrain,altitude,airplanesize,andaiqlme charac-
teristics;asa result,twolimitingunitsummtioncurvesof
effecti”regustvelocitiesworepresented.~ose ourvesme
reproducedhereinasfigure1. CurveA indioatosa morefrequent
occurrenceoflargeguststha ourvoB;hence,intheinterestsof
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conservatism,curveA wasselectedasthebasisforthefo13.owing
analyais.
.
Theanalysis05totalgustfrequencygiveninreference1
showsthatthetotal~trequency peroperatingmiledepends
largelyontheterrainandontheoperationalaltitudeandis
inverselyproportionaltothemeangeometricwingohordl For
averageairlineoperatingcmditionsapproximatelyfivef3ignificant
@zstsyermilewillbeexperiencedbyanairplanewitha mesm
geometricwingchordof10fset; hence,thetotalfrequencyanhe
e~ressedas~/& gustsperoperatingmile.
CurveA offigure1 andthetotal.gustfrequencyper
operatingmilecannowbeccsnbinedtoobtaina generalcurveak
theaveragenumberofmilesthatmustbeflawntoencounterone t
gustequal+33orgreaterthana glvonintensity.Theresultis
shownfnflgure2,whichincludesWM3ooourrenceofbothpositive
endnegativegusts,andisbasedona value“for~ of’1 foot.
Inordertoapplythiscurvetoanyairplane,itisnecessary*
tomultiplytheordinate(spacingofcriticalgustspertile)by
themeangeometricwingchord.
Speeddistribution.--much asairplanesgencn:allyf at
speedsthatarehighlyvariable,itisnecessarytotlefinetho
frequoncydistributimofspeedintams ofpercmtoftotalflight
milesspunktndifferentclassificationsofi.ndicatl%iairspeed.
Statisticaldataofthiskindarecurrentlyacking;nevertheless,
itispossibletomakereasonableassumptionsregardingthespeea
distributdcnandtoshowtheeffectofvaryingsuchassumptiax!.
NumberofcriticalRUsts.MSelectimofthetotalnumberof
CritiC~gUStS~at ~ ‘beFe~ttOdd~i~ we C@OX’&tiOXW~lifeOf
eaairplaneislargelya matterofjudgoment.W viewofthecurrent
useofmultiplyingfactorsofsafety,itappearsreasonabletoOEMWne
thatmorethanonecriticalgustcanbepermQtted;ontheothorhand,
tiedegreeofconsermtismoftheairplanedesignisdecroasodas
thenumbmofcriticalgustsincreases.
Onera*lonalItfe.-Theoperationalltfe oftheairplaneis
defin~daatheaveragenwnberofmiles‘thatheairplanomustfly
beforoitsstructuralintegritycanbequestioned.This&ofiniticm
shouldnotbeconstruedtomeanthatthe(stitic)structuralstrength
oftheairplaneisdecreasedasa resultoftherepoatodloadsto
whiohttIsm,zbJected;itmesns,rather,thatmperiencoshowsthat
theV-Gdiagramcontinuallygrowsaethonumberofmilesflown
increases* Thesttictmml.ifewilldependonbothtieairplanetype
ma th drp:mnemission-a fighteratrplsmincombatsmvicowill
,
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‘ME!mma’ANALYSIS
.
Giventheforqxhg
asfoil.cvs:
(1) Thespaoingof
inmiles,5.sobtainedby
formula
m!mrmatical, themalysis3sOarw.odout
criticalgustsin eachQpeodclassificat~an,
substitutionofappropria~valuesintho
(Notethat5 hasbeenincludedinthisformulatoreduce
tothatofen-airplanewitha men geomtriowingohol%lof
thecaao
1 foot. )
(2) Frtmfigure2,withvaluesof & ticwn,tiocorrespmding
valuesofeffocti~egustmlocl.tyUetf cenW obtained.Zf,the
valueof Ueff endtheairspeedcorrespondingb eacl+speedolmsi-
ficaticnem lmcm,theincrementofgustlordfactorformch
speedolassificaticnca beobtainedby”6@sWtt2tic@i~.tiQu~ti
@lBtformula ..,,, ..
1.47p#I~fves
h=. “(l).
.., ~ ‘,
‘Thopoln’thusobtainedEL5ybe‘plotted..on,tieV% W?@rmsfO*th~
airplaneunderccnsideraticm~ (lt.hen‘applying,&”e.usti Glcamr~“ j
compressibilitycorrectionasinthecam oftlmhim-speedfi@ter-
./-/:-gjtypeair@.an4consideredsubsegyontiy,replaco“n,by“,121\1
whereM istheM5ch,nuzdxmforth altitudeunderconsideration.
:. ., . .-.’4. ,.
33XAMPIES” - . . ...
.,. .,. ,.
Sinceairplanesaccordtngtotheirintendedusoam’“umuil.ly
dividedintqclassesforpurpososofstmi%-1 designsndthe
limitmaneuverfaotcrs& specif6daccoziiingly,the~sultsof -”
theanalysiswillolYtiousUJbemectod &Jtbe‘intendedWe ofth; “-
“airplane.Forthepresentpaper,thorefore,calculationsweremado
forvariousvaluesofairplaneoperationallifeand”speedistrihuticm
,.
6fora hi~-s~eed
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fWhter-t.ypeairplane(Iinrttpositivemeuver
loadfac%r~f8.0)~ fora-itght&miber%ypeairplane(limitpositive
maneuverloadfactorof3.67)t endfor a Wwe IWanSPO~-treeair-
plane(limitpositivemaneuverloadfactorof2.5).Theseexamples
wereselectedtogivetwoextremecasesandoneirkemediatecasel
Forallexamples,certainas-tians havebeenmade*OsupplY
thelacklngdataandtosimplifytheestimatisofspeed-time
distributionandnumberofcriticalgusts.l%~*eespeedshavebeen
assumedasfollows:0.8VL)VL, and VG~ Theairplanetill-be
assumedtospenditsentirelifeanlyatthesethreespeeds.Since
itappearsprobablethatflyingsyeedwillgenerallybereduced
bel~ O#&L duringpericdsofturbulenceendstncesuchmducticn
willresultinlowered.loadfactorsfora @venvalueof Ueff~~is
assumptionwillbeconservative.ThetotaJnumberofcriticalgusts
tiatcanbepermittedduringthe’lifeofm d.rplanehasbeen
arbitrarilysetat15. Thisvalueisnotbelievedtobeunreasonably
la, yetitavoidsemynecessityforconsideringthepossibility,of
fatiguefailure.Inordertoeqwd.fzethechancesoffailure,this
totalnumberofcriticalgustsisevenlydistributedamongthethree
speeds;fivecriticalgustsarehencepermittedateachspeed.
High-speedfi.gh~er:typeairplan~.-A hypotheticalhigh-syeed
fighter-typeairplanewasassumed,ofwhichthepertinentdimensions
andperformanceharacteristicsaregivenintable1. Intiecon-
structionftheV-ndiagramgiveninfQure3~a 30-foot-per-seccmd
gustwasassumedforallspeedsupto ~G;inaddition,th uSl@.
GlauertcmupressibilityfactorwasappliedtotheSIW ofthelift
curve,withoperaticmatsealevelassumed?Nocorrectionwasapplied
forchangeinairplaneattitudebecausetheairplanewasassumedto
besufficientlyc eemtoapproachVG ina relativelyshallowdive.
me conditionsa suuedaregivenintableI endconsf~tof two
valuesofairplanelifeof1,000,000andXO ,000milesandtwo
assumedspeed-distributionPatternstThevaluesforairplanelife
havebeenintentionallyselectedtobectmservative;thehigherVS3.Ue$
however,whichcorrespondsto6 fl~nghoursperdayat@ milesper
hourfora periodof15numtis,isbelievedtobeexcessive.Itwill
benotedthatthespeed-distributicmpatternsareessentiallyalike
excepthattheproportionfflyingmilesspentatthehigherspeeds
hasbeenincreasedforconditionII. Thevaluesofloadfactor
obtainedareplottedinfigures andarejoinedbystraightlinesto
facilitateheirStudy.
IMhtbomber-twineatrplane.-A lightbcmbor-typeairplanehas
beenchosenthatissimilartosomenowinmilitaryservice.
.
.
#
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lhep&tinentdtmenstonsSZ@perfbrnmceoharacteristiasare givenin
tab~e$1. k theconstructionoftheY-ndiagram@Ten infigure4,
a 30-fcot-per-EIecondgustwasa8-a forSU speedsupto VG) com-
pressibilityeffectsbeingneglectedl TheV-nd.iagrsmistie fortwo
valuesofwingloadinginordertoshowtheeffectofthisparameterl
Itwill.benotedthatthegustloadfactoriscritj.oalonlyforthe
lightwingloaaingl
Thecaxliticnsa sumedaregivenintableIIandconsistoftwo
valuesofairpleaelifeof1,000JX30and5,000,000miles,oftwowtng
loe.di~s,andoftwospeedistributions.Yhelesser& thetwo
assumeavaluesofairplanelifeisconsi~eredtobereasonablefor
thistypeofairplene;thehighervalae,whichcoim-s~~ds to10years
ofdailyoperationat O,8V-for7 hourspsi’day,isincludedto
shuwtheeffectofa radic”dchangeinorxm?atinglifeonthegust
loadfactor.‘I!hetwospeedisttibution~we-reselectedbecauseunder
combatconditionsa higherproportionftimeisexpectedtobespent
at VL. Thevaluesofloadfactorobtainedareshow=infigure4
endarejoinedbystraightlinestofacilitateheirstidy.
Largetmmsuort-typeairplane,-A largetmxas=~rt-t~eairplane
thatisreasonablyrepresentativeofpresent-day~Meignswasassumed.
Pertinentdimensionsandperformanceharacteristicsaregivenin
tableHI. IntheccnstmctionoftheV-naiagmmshowninfl~re5,
a SO-fcot-per-secondgustwas&issumedforallspeedsupto VL, after
whichthegustwasassumedtodecreaselinearlyto15feetpersecond
at VG. Nocorreoticnforcczrrpresml.bilitywasappliedinthiscase.
Theconditionsa sumedaregivenintable33Xandccnsistof
twovaluesofairplanellfeof5,000,000milesand25,000,000miles
andofthreespeed istributions.Thelesseroftiesetwovaluesof
airplanelifeisbelievedtobescmewhatlawinviewofpresentuti-
lizaticntrends;thisvaluecorrespmdstooperationfor12hourspw
dayfol*approximately$ -s at enaveragespeed.of189milesper
hour. me greaterofthesetwovaluesIsdistinctlyconsemativesnd~
forthesameutilizationa daveragespeed,em.ountsoapproximately
19yearsofoperation.!I?aespeedistrtbuttcmshavebeenselectedto
representtwoextremecasesendoneinten@!iatecaset Foecme
extremecase,theairplaneisconsideredtospend24percentofi%s
operati~llife&t VLj forthe.otherextremecase,We airpl=aeis
consideredtospendcmly5 percentofitsope,raticmillifeat VL.
Zheintenhediatecaseisccmideredtobemorenearlyrepresen~t~ve
ofactualconditions.Forallcases~itisassuredthattheairplqne
tillspend1 percentofitslifethmat V . ‘Jkdsamnunptimis
&hi@lyconservative,asunpublishedV-Gda fortmnsportsindicate
that,altbou~VL maysometimesbecmmiderablyexceeded,the
\
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TheW3cmsionthat follows is dividedinto three pwts~ Tho
firstpartdealswithMO generalimplicationsa drelationsoftkf
analysi~j thesecondpartdiscussestheresultsobtainedby MO
specificmmmples;thethirapartdiscussespossibJ.esourcesof
inconsistencybetweenresultsoftieanalysisandfuturemeasure-
mentsaswellasosrtainliud.tationsoftheanalysisq
General
Averaaenumberoftiles~& criticalw St.-me valueOf ~cr is
basedontheassumptionthatitwillbeappliedtoa largenumberof
airplanesflyinga largenumberofmiles.‘Ino~lerwords,givena
largemmiberofairplanes‘allofwhichhaveflown”thes inedistance, .
itispossibl,ethatsomeoftheairplanesmayneverencounterthe
predictednumberofcritloal~yst~whereasothersmayencountei
severaltimesthepredictednumber.Ncrmtheless}thee.ve~ageforall
airplaneswill.approaoht epredictedvalue.
Distributionof totql!numberofcriticalgusts.-Theyrooodure..-
usedhereinhasbeentodistributehetotalnumberofgustsequally
amongallspeedbracketsandthustospecifythattiloprobabilityof
faj.lureb thesameforallspeeds.Analte.rnativemethcximlghtti
toM.strilmtehetotalnumberofcriticalgustsinproportiontothe
numberofmilesflownineachspbedbracliet;thismethcdhasnotbeen
used,however,asthisp~ocedurewouldbeta.ntiucmm.ttorequiringthat
thehigherthesyeed,thesafertheairplane.
Increasingthenumberofspeedbrackotaandthusdecreasingthe
numberofmilesflownineachspeed.buaolietmakesk.crapproacha
lititingvaluesincethetotalnumberofc~gitical@stsisconstant;
hence,developinga continuousV-nenvelopeispossible~ortheretire
speed.ra~e fromthecut-o~t@posedbY ~- to VG* Theact@.
speedistributionw uldhavetobepreciselymawnthowever,lmfore
suchanenvelopecouldbemorethanappro@uatod~
Effectofsneedistribution.-Theeffecto%a chmGgfilspe~~
diatr~can readilybed=tined byreferencetofigux’e6,
k
—
,
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whichwasobtainedfromf@ure2 bymeansoftherelation
k =Wueff=wf(Lcr)
wheref(hcr)isa functionexpressingtie
and.&. Ata constantspeed(constantw)
effectofa changeinspeedistributionis
functionof Lcr. CvertherangefrcmXer
relatim betweenUe~f
tiemagnitudeOSthe
readilyseentobea
= 10 to x~r= 100,000>
however,a tenfoldincreaseb & for~ v~u~ ~ ~~till-Y
increasek bya valuefrom27percento36percent.‘l?hespeed
tistributicm,therefore,neeilnotbelmcnmwifiexactitude.Con-
versely,slightahaz@esin M willresultinlargechangesof
operationallife.
ccmnarisonwithcurrentcriterim.-!Ihequesttonmayberaisea
astowhethertheanalysiswillshowa largerora smallerload
factor.the.nthecurrentgust-loadcriterion.For’thecaseofen
&@l~e d8si~ed,fora 30‘f0ot-p8r--c~@t at T-L~d ~ti
compressibilityeffectsneglected,thefollcwingrelationshipw ll
hold:
‘effve f(kcr)ve
A&=x=r
whereAL is‘deincrementofloadfactormul.tingfrana 30-foot-
pOr-sOcOnd~t ~%~ at VL. Zhisrelationshipisshowninfigure7
forwee ~u~s of .&/&L.
Examinationffigure7 indicatesthat,internsoftheanalysis
previouslypresentedherein,thecurrentgust-loadcritericmappears
b yieldreasonablevaluesofope~ationallife,particularlyinview
oftheprobabilityofreductioni speed uringperiodsofsevere
tuxbul.ence.
Effectofchangesinspeedonspacingofcriticalgusts.-l?Qe
effeetofa chemgeinspeedcnthispacingofcriticalgus& will.
aependonwhetherthatspacingisreferredtolimd.tloadfactoror
toultimateloadfactor.Zf ~cr referstolimitloadfactol’,the
effeetmaythenbedeterminedforthegeneralizedcasebyreference
tofi~e 6. ‘Ihechangein kcr fora givenchmgein w isa
functicmof An anddecreasesa An decreases.Thisapplication
isequivalenttostatingthatastherequiyedloadfactordecreases
theeffecton kcl.ofa changeinsyeedlikewisedecreases.For
thespecialcaseofana~rpl.anethatisini.tial.3.ytlesignedfora
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30-foot-per-secondgustat VL,referencomaybemadetofl~e 7s
inwhichitwillbeno’tdthatreducingthespeedfrcmVL to
0.8VLincreasestheoperationallifebya factorof5.5,whereas
reducingthespeedto 0.667VLincreasestheoperatimallifebya
factorof24.
A differentsituationexistswhenthespacingofcritical
gustsIsreferredtotheultimateloadfactor,astheultimateload
factoriscurrentlydeterminedbyapplyinga multipzytngfactorh
thelimitloadfactor-nottotheincrementofloadfactor.As
a result,thevaluesof her forultimateload.factorwilldepend
onthevalueof ~ andonthedirection(positiveornegative)
ofthegust.Inorderto~huw-the~gaitudeofthiseffect,the
valuesgivenintibleIYhavebeencomputedforanairplanedesQgmd
fora 30-foot-per-second@13tat VL and$or AnL= 2JJ by
extrapolationofthestraight-linerelationfor Ueff+25feet
persecondgiveninfigure2. ??hesevalues,whenmultipliedby10,
maybeconsideredtypicalforan airplaleoftheIX-3class.
Theresulte,givenin the lasttwocolumnsoftableIVareof
particularInterestinregardtotheprobabilityofcompletestruc-
turalfailure.me sigxfficantdifferenceb tweencriticalgust
spacingforpositiveultimateloadfactorkcrp andcritical.gust
spacingfornegativeultimateloadfactorLcz.nindicatestiO
illogicalityofcurrentuseoftheultimate.factorofsafety,asthe
chanGef3ofcmpletestructuralfailurearefromx tokOOtimesas
greatforne~tivegustsasforpositivegusts.Thisilloglcelltyis
pointedoutevenmoreforcefullybyccmparing~olumns2 andh,whereby
Itwillbenotedthattheratioof hGrn to + variesf%n 15
to30. !Ihisratioimpliesthat,ontheaverage,ifemairplane
encountersfrm 15to30negativeguetsofsufficientmagnitudeto
exceedthelimitloadfactor,oneofthegustswillexceednegative
ultimateloadfaotor.
Examples
.High-speedfi@ter-%yp0 airpknO.-A questi~thatmayle@ti-
mately%eraisedconcerni3thepraprietyofapplyin~gust-frequenay
dataobtainedduringregularlyscheduledtransportoperatimsto
thedesignotspecializedmilitaryairplanes.Reference1 showsthat
relativefrequencydistributionof’effectivegustvelocityissub=
stantiallyunaffectedbyte”rrain,altitude,airplanesizeJandair-
planecharacteristicshenceanyerrorsthatmayariseinthe
,
—
.
.
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.
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epylicationfthedataofrefereace1 tomi~taryatrp3.m2eswill
concernonlythefrequencyofgustspertileoffli@t. Althoughno
specificinformationonthissubjectisavailable,itappears
reasonabletoassumethatmilitaryairplanes,especial.ly”ofthe ighter
t~e,,willnot~eneral,lyencauntergustfrequenciessohighas
~/Zgustspermile.Thewe oftransportoperaticmaldatawoul.dthere-
fOreappeartobe conservative;thedegreeofcmemattsm isnotthought
tobe excessiveinviewoftherelativelyslightchangein Ueff that
willbeobtainedbya largechangein kcr.
Ref&encetofigure3 showsthat theefiectonloadfactorof
a changeinspeedM.strihuticmissmall.~ we the ~~en%at VG
ismultipliedby2.5,theloeitfactorwil.1.beIncreasedbyOnlyabout
ei,x-tentlhs01a loadfactor,.oraboutY2percentfortheworstcase
(negativegust).Sucha restitwould.bqexpec~d.as,notonlywi~
mostoftheairplanelifebe&pentinthelgwestsveedbracket,but
alsoa largech~Jein Xc.”will.notseriuuslyaf~ectUeff.Errors
aslargeas100to200per~entcanapparentlybetolerated.inesti-
matin~thepropervaluesof Lfr forthehighers~eods,.(VLandVG).
Inspectionffigure3 showsthatthea~plicaticmofa 30-foot-
per-second~st at VG, incombinationwitha ccmyessibility
correction,resultsina yositivelbit gustloadfactorgreaterthan
3.0.5.Theresultsoftheanalysis}ontheotherhsml,indica%that
mly positivemaneuveringloadsarecriticalfordesi~,@~ou@
negativegustlmds arestilIcriticalat VG. Hence,inregardto
tiedesignofhi~-speedairplanesforwhicha 30-foot-per-secm&gust
maybeassumedtoactinconjunctionwiths~eedsup”toVG, tie
8nalysisinfiicateshatthepresentcri%rfrmishighlycon-
servative.Suchexcessiveccmsenatimnayeasilyresu?.tinsevere
weightpenaltiesthattieunnecessarytopreservethestructural
integrityoftheairplane;Inthe$pecifi.ccasepresented,cmsideration.s
oflifee~ectancywould.probablyreducetheatrplanestructuralweightby
anamountfrcau)K!Oto,tiOpounds.
Li@t bcmher-typeairplane.-Theeffectonlosffactorofa change
inspeedistributionisagainseentoberelativelysmall(fig.k).
Me effectofanextremechangeincayeraticmallife(bya factorof5)
iseeentooutweighconsiderablytheeffectofa changedspeedistri-
bution;eventhise$fect,however,isnotexcessive.
Theanalysisindicatesthatfora wingladingof44poundsper
squarefoot,themaneuverloadsarecritic~for&eSign.Iftheair-
planeisinitiallydesi~edfora wirgloadingof22poundspersquare
foot,however,cormideraticmsoflifee~ectancy&howa potential
reductimingustloadfactortothepointatwhichcnlymaneuvering .
localsem criticalindesign.Itshouldbenoted,moreover,
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thattheairplanewitha wingleadingof22poundspersquarefoot
canbe consideredquivalenttotheheavierai~laneatreduced
grossweight;henceconsiderationsflifeexpectancym beused
toreducelocaloadfactors,suchasthoseappliedtoengine
nacellesandsupports.
Largetransport-typeairplane.-Sincetransport-typeairplanes
aredesignedtolowmaneuveringloadfactorsascomparedwith
presentmilitaryairplanes$theeffectonloadfactorofa changein
speedM.stributlcmcanbeexpectedtoberelativelygreater-Even
inthepresentcase,however,thechangedoesnotappeartobe
excessive.Forexsmple,figure5 showsthatifthetimespentat
VL (conditionsX andXI)ismultipliedbya factorofnearly5,
thechangeinloadfactorisaboutO.36n.Multiplyingtheoperaticmal
lifebya factorof~hasnearlythesameeffect(conditionsVIII
andIX);thatis,themaximumloadfactorsareincreased%yabout
three-tenthsofa loadfactor.
.
.
s
Theanalysisshowsanincreaseinthegustloadfactorat VG.
Suchanincreasemightresultinincreasedstructuralwei@t.;the
magnitude of weightincreasewoulddependCMthespecificaliq$.ane
.
characteristicsanddesignandishencenotfurtherdiscussed.The
loadfactorsat VG,hmevei-,canbereducedbyreducingtherelative
.
proporticmoftimespentatthatspeed,providedexperimentalevidence ‘–
warrantsit. Withregardtothefactthatthecurrentcivilgust
designcriterionspecifiesthatUeff be15feetpersecondat VG)
figure2 showsthatfr wouldhavetobechangedfrcm0.01to0~0006
tobecomeq~valentotiepresentcriterion,Unpublisheddatafrom
thesnalysisofV-Grecordshuwthattheproporticmofthe spent
atSpeed8~.n(3XCEIS8Of VL isextremelyvariableanddepends,emcmg
otherthings~uponthetypeofairpl~~eandupontheoperator.As
previouslymentimed,form ai@ane toattainVG isextremely
rareduringdm.estictransportoperations;however,furtherstatisti-~
caldataarerequiredtopermitheass@mentofa propervalueto
fr for VG ortodetermineanintermdiataspeedbetweenVL and
VG, Intheezmlysis,moreover,theprobabilityofencounteringa ust .
ofa givenmagnitudehasbeenassumedtobethesamewhatevertheair-
@ane speed;thatis,thecurveoffigure2maybeappliedtoany
claseifi.cationofairspeed.Thisam.mpttonimpliesthatthetrans-
portpilotmakesnoattemptoreduces~eeainrou@airandthusto
reducetheloadsduetoa givengust.Insettingupdesigncriterions,
however,nootherassumptioncanbema&untilsuchtineastraneport
pilotscm be shownuniversallytoreducepeeduringpeiitisof
turbulence. .
Itisespeciallynoteworthythat,forthepresentcase,assuming
whatarebelievedtobereasonablevaluesof Xcr resultsindesign
.
,.
.
.
.
.
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loadfactorsat VL thatcloselyapprox~mateileTaluesobtained%y
currentmethods.
LititaM.ons
At thepresentime,nodataeraavailatiletochecktlmresults
oftheanalyeis.men such&ata‘beccmeavaj.lable,itispossible
that%ecauseoftheliwitathmsoftheanalyeis,inccnsistenclee
maybefoundintheresults@ven heroin.I%me factor~ep~arto
beofparticularsi~if’icance,thatis,avera~frequency,frequency
distribution,s drelativealleviationfactor.
Averagefrequent.-
—d
Theavera~frequencyof50/6gustsper
mileselecte.or e analysisisbasedonanavera@pathratio
(ratiofBngthofflightpathduzzingwhichsignificantgustsars
encounteredtotctal engthofflightpath)cifO.1.Thepathratio
maybeconsiderablytifectadby suchiteneasahplaneroute(terrain),
tli@tylan(altitude),enddispatchinggractice(predictionof !
adversoweatherconditionswithconsequentd.e’kmrtngor ‘tgroundi~’*
offlights):andis-hmwntuvarySrom0.006(36 gustsperndle)ta
0.24(lJ?O/cgustspermile). (Seereference1.{
Asmmtimed intheprecedingdiscussionfthelar~ ‘&an~port-
+ypaair@3ne~ theassumptionhasbeenmadeblatthetransp~rtpilot
makenoattemptoreducespeedinroughair.Thisassumptionmakes
itpossible-tQusea Qingleavera~eVelueofgustfrequencyforall
airspeedclassifications.Itisentirelypossibl.a,however,for
thepilottoexercisehisjudgmentandtoflyathighspeedonly
insmootlhairandtoreducespeedonlydurinsperiodsofturbulence.
~is procedurehastheeffectofreducingthe-pathratioforths
hi~-speedclassificationsand,hence,ofreducingtheaveragefra-
quencyofgustsencountered;atthesanetime,thepatlratioswill
beincreasedatthelowerspesdswitha consequentincreaseinave.ra~
frequency.Asa result,therequiredloadtactorsatM.@.speeds
willbe‘reducedoverthevaluescomputedbrne@ectingpilotjudgment;
butatloweredspeedsthereductioni requiredloedfactordueto
reductioni speedtendstobakce theincreaseinrequiredhad
factorduetoanincreaseingustfrequencyand,hence,themaximwn
requiredloadfactorsmaynotbeggwatlyaffected.
Fraqusncydistributionofgusts.-Thefrequencydistiibutio~
selectedisactual~-theup~r envelopeota number~~individual
frequencydistributions.Asa result,theselectedfraquencydistri-
butionwillnotnecessarily~orrospondtoanyactualdistribution
and,consequently,exactcorrespondencebetweentineresultsofthis
analysisandactw”lexperienceish@hlyimprobable.Inaddition,
14
theselectionfa rational
containtheassumptionthat
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envelopedistributionmustnecaaQari.1.y
operatinganddispatchingpractioeremain
reasondlyconstant.Forexample,ifatsmnetimeinthefwh.u’eit
becomespossibletopredict-andthustoavoid-largeWsts~ if
suchavoidanceisgenerallyIncorporatedinoperationalpractice,
thefrequenoydistwibutlo~oflar~ gustscanthen%eex~c~d ~ be -
correapondin@ymodifted.
—
Anotherfactorthatmightrequireconsiderationsthatinvery
roughairthedualeffectofpilotimeactiomandofairplaneotahility
mayresultinanapparentchsngsoffrequencydistribution.(See
pp.15and16andfig.4 ofreference1.) Thisapparentchangein
frequencydistributionemountstoanincreaseinloadfactorperunit
@KJtvelocityandwiildependonthecharactsrfsticaoftheparticular
airplaneandonthetechniquesedbythepilot.
Relativealleviationfactor.-TherelativealleviationfactorK
(fig.=f reference1)neglectstheeffectofvariousairplane .-
_JXWEUnf3tei”S. For ~peclficairplanesthed~fferenceb tweenthevdm.
of K giveninfi$ure1 ofreference1 sd thevalueof K as
obtainedbytestsingusttunnelsIIWV smount to as muchas20percent.
Thisdifferencemayresfltina discrepancybetweencnmputidand
t.
actualmilespercritical.gustofasmuchas500to?00~~’cent.
—
Utilizationfsnal@s6-Aspreviouslymentioned,thedataon
—.handareinadequateoyermitheevaluationftheforegoin~factors.
Muchmoreworkwillhavetu%edonebeforetheanalysiscanbe
consideredreliable.Theanalysis,however,wouldappeartoerron
theconservativesideand,hence,itcar?probablybesafelyutilized
incasesforwhichcurrentdesiwrequirementsa.ppemexcessive, .
providedthatadequatastatisticaldataereavailablecmthat
acceptableassumptionscembe.developed’.likenadequatestatiatlcal
databecomeavailableandwhena reasonableoperationallifecanbe
defined,itshouldhoyossibletodevelopa more-rationalV-ndiagram
~orgustloadfactors.
—.
CONCLUSIONS
Stati~ticalgustdataana3yzedinconjun.ctionwithassumptions
concotinGtheproportionftimespentatvariousq?eedsirid~cated
—.
thefollowingconclusions:
..
.
).. Inthecaseofhi@-speedfighter-~~peairplanes,the
applicationof’a 3C1-foot-per-seccmd~st akspeedsuptothemaximum .
I
..
.
.
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equivalentpermissibleglidi~ordivingspeedappears
loadfactorsthatareunreasonablyhi.gh.inviewoi’the
oftimelikelytobespentatsuch~peeds.
15
2.Thecurrentcivildesi~criterionfa 30-foot-per-second
gustactingatthemaximumequivalentairspeedinlevelflightyields
valuesofdesignloa&factorthatgivereasonableoperationallife8 intermsoftheanalysispresented.
3.Thecurrentapplicfitionofmarginsofsaffetyowing
structureyieldsvaluesofo~erationallife,tocomgletestructural
failure,thatdependuponthedirectionfthegust.
h.Variationsinoperationalpractice,asreflectedby
reductionfspeed uringperiodsofturbulence,possessa profound
effectuponthestructuralintegrityoftheair@cne.
.
5.Reasonablechangesinspeed-timedistributiondonot
materiallyaffectheresultsoftheanalysispresented.
6. ~urrentdesignrequirementsmaybemademorerationalat
suchtimeasadequatestatisticaldatabecomeavailableongust
frequency,len@hofflightpathinroughair,andspeedietifbu’tion.
LangleyMemorialAeronauticalLaboratory
MattonalAdvisoryCommitteetorAeronautics
-ey Fiald,Vs.,November27, lgk6
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TABLEI.-SAMPLECWCUUTl~ OFIESIGHGIETCONDITIONS
.
,
PertinentdimensionszilperformanceCcmaitialcon5itionConaition
characteristics r 11 III
Req@redata
Averagel%fe,L,mile6 l,m,ooo 500,000 500,000
Numberofallowablecritic@.
gustsh eachspeedbracket,d 5 5 5Speed.istributicm,fr}at
O.~L 0.80 0.75 O.ti
VL 0.18 0.20 0.I.8
VG 0.02 0.05 0lO2
Meanwing.chord,;, feet 7*3 7l5 7l5
wingleading>w/s) FJti W*
squarefoot 30 30 w
Slopeofliftcurve,m, per
radlen 4.6 4.6 4.6
~ ~~ sped)VGsfiles
perhour 625 625 625
Msaimmspeedinlevelf~ght>‘L9
milesperhour 450 450 450
Results of ssmple ticulatlms
Spacing of cfitioal guste, rui18s, at
O.&L 21,30’O10,000 Lo,700
‘L 4,&o 2,660 2,400
VG 533 666 267
Criticalgustvelocity,feetper
secondat,0.8v~ 31.o 28.3 28.4
v~ 25.7 23.9 23.7
V-G 20l1 20.8 18.8
Loadfactors,gunits,at
{
b.ti 4.4’7. 4.49o.8vL
-2.81 -2.k7 -2.49
{
5.01 4.93
‘L
-;:3 3.01 -2.98
VG
{
7.63 7.86
-5.63 -5.% -;::
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TABLE11.-SAMPLEOAWOIMZOIEW ISSI@lWET OONDITIOIJS
FORLIm BCMEER+15ZTIAIRYLME
PertinentM wnsionsandperformanceOalaiticaC acliticnCald.1tm’1Cadlual
OhsxactirlBtloe Iv T VI WI
%qtireadata
Averagelife,L, miles 1,000,0005,000,0001,000,0001,OaO,Ooo
lhmiberofallcwablecriticalgueta
Ineaohspeed.bracket,d. 5 ‘3 5 5Speedtistrlbut.ion,fr,at
o.w~ 0.85 0.85 0.75 0.85
‘L 0.14 0.14 0.24 0l14
v~ 0.01 0.01 0.01 0.01
Meenwingclmmi,F, feet 9.68 9.68 9.68 9.68
WingUXdinS)V@, pomxlaper
equarefoot &.o 44l0 44.0 224
Slopeoflift‘ourve,m per
radian 4.66. 4.66 4.66 4.66
l&udnmmaid- speed,v~,m
perh- 348 348 348 348
Maximumspeedinlevelflight)v~)
milesperhour 278 278 278 27$
Resultsofsaqlecaloulaticms
Spacingofcritic$algusts,miles,at
o.&L 17,360 8’I,810 251500 17,560
~L Q,m 14,460 4,960 2,@o
TG 207 1?033 207 m
Criticalgustveloclty,feetper
second,at0.~L 30.3 36.6 30V0 30l3
~L 24.1 w .8 25.8 24.1
‘G 18.3 21.6 18.3 18.3
Loadfactors,gunits,at
o.8fL {
2.46 2.77 2.45 3.%
-.46
-.77 -.45 -1.
vL {,
2.46 ::$ 2.56 3.64
-.46 -*% -1.64
vG
{
2.39 2.63 2.39 3.21
-.39 -.63 -*39 -1.51
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Pertinentdimensions& perfozmenceC nalticnCalaiMcaCcm.ationC!cu!aitica
clmxacteristics nlr. Ix x n
Re’@.readata
Average~fe,L, miles 5,000,00015,000,0005, 03,Oal5,m ,000
RumberofeXlmwablecriticalgreets
ineachspeedlmac~t,d 3 5 5 5Speeddlstrilmtim, fr, a-t
o.&L O*EE) O.@ 0.75 0.94
v~ 0.14 0.14 0.24 0.05
~G 0.01 0.01 0.01 0.01
Meanwingchord2E, feet 13.7 13.-i’ 13.7 13.7
wing1-, w/s, youllaa‘per
s@.arefoot z?1 28
Slopeofliftcume,m, perradiea 4.7 4:; 4.7 4::
~~ ~tig speed,vG,ties
perhour“ 296 296 * 296
Mxdmllmspee&inlevelflight,VLS
milesperhour 222 222 222 222
Pasultsofssa@ecalculaticms
Spacingofcritical~ts,miles,at
o.~L @@o 186,00054,800 68,@0
~L 10,200 30,600 17,m 3,650
~G no 2,190 730. 730
Criticalgustvelocity,feetper
second:at0.8vl 35.2 38.7 34.7 35.5
VL 2’5.4’ 32.h 30l2 2k.9
~G a .9 2.3.4 m l9 20l9
LOSdfactors,gunits, at
o.&L .
{
3.02 3.22 2.gg 3.04
-1*O2 -1.22 -“99 -1.04
~L f3.03 3.32 3.16 2*7Gp*03 -1.32 -1.16 -.78
~G J3.00 3.24 3.CK1 3.00
~-1.m -1.2b -1.00 -1.CQ
-.
.-
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M IV. - EFFECT OF SI%EDOH CRITICAL GWT SPACING
pQIL= 2.0k 30fps]
1 I I
Zatlo fairplane
I
c~tical glaat apaclng
epeed to deglga for limit load factor
level-flf~t ineitiertirectia.
1.0
.8
.667
L-Crltioal gwt spacingfor poeltive ultimatelti factor,LcrP
0.15 x ld’ llo.oxl$ ‘
1.1 3,200.0
9.0 IJ.o,000.0
,-
.
I&ltlcal gaetepacing
fornegative ultlmti
load factor, A
%
2.2 x 105
26.0
2En .0
rwmt?AL ADVIMRY
CXMII= FCIRAERO??AUTTCS
{.
.
+
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Figure 3.– V-n dmgmm of high-speed t)gh+er-+y~ u!rplane.
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